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The chromatographic characteristics were investigated for eight aromatic derivatives of 3-
chloro-1,4-naphthoquinone under conditions of normal-phase thin-layer chromatography for
benzene-based binary mobile phase and such polar solvents as chloroform, acetone, acetonitrile,
methanol and propan-2-ol. The slope of linear retention dependencies for the investigated
compounds on the concentration of the polar component in the mobile phase satisfactorily
correlates with the area occupied by the adsorbed analyte molecule in the stationary phase. The
intercept in the Soczewinski equation depends on the polar component of the mobile phase.
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Introduction

Natural and synthetic 1,4-naphthoquinone
derivatives are used as fungicides and natural dyes
[1]. Many synthetic amino and sulfur-containing
derivatives of 1,4-naphthoquinone have been studied
as antibacterial and antifungal agents, antioxidants,
antitumor and antiviral agents [2-5]. Modification of
2,3-dichloro-1,4-naphthoguinone by amine-containing
compounds by the nucleophilic substitution reaction
of one of the chlorine atoms on the R-amine
fragment has been known for a long time and is often
used now [6]. Synthesis and study of the biological
activity of 1,4-naphthoquinone derivatives continue
[7-11].

Although many studies, such as [2, 4, 6, 7,
12], concerning the synthesis of 3-chloro-1,4-
naphthoquinone derivatives, reported that thin layer
chromatography (TLC) was used to verify the
completion of the reaction, however, no conditions
are given for TLC and separation results. In [13],
which is one of the first studies of TLC derivatives of
1,4-naphthoguinone, the R; values relative retantion for
15 quinoid compounds using two mobile phases
(MP) - chloroform and chloroform-ethyl acetate —
acetic acid in volume relation 10:10:1. It was
established [13] that the R; values decrease
significantly when amino or hydroxyl groups appear
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in the structure of the substance. For example, when
chloroform is used as MP, the value of R; for
3-chloro-1,4-naphthoquinone derivatives is reduced
from 0.73 for the 2-chloro to 0.18 for the 2-amino
derivative. In [14-16], the chromatographic behavior
under conditions of normal phase TLC (NP TLC) of
three groups of 1,4-naphthoquinone derivatives with
different substituents was investigated and it was
shown that there are relationships between retention
parameters and sorption area (As) of these
compounds, which is calculated according to the
monograph [17], and the effect of the concentration
of the reinforcing component in the MP is well
described by the Soczewinski equation [18] for
binary MP based on benzene and five polar
components. In [10], the R; values, which are
systematized by the structure of the substituent in
table 1, were studied for amino derivatives of 1,4-
naphthoquinone under NP TLC with silica gel and
three and four-component MP (petroleum ether —
PE; chloroform — CHClI;; ethyl acetate — EA;
methanol — MeOH). According to Table 1, it is
difficult to establish certain general relationships
between the content of compounds and their
structure, because the data are obtained from MP
of different composition. Even for compounds
with 1, 2 and 3, which are homologues with a



0. Ya. Smirnova, Yo. Yo.Yatchyshyn, S. V. Kolobych, 1. P. Poliuzhyn

consistent difference per CH, group, and provided
that MPs of the same composition are used, there
is no regularity in the R; values equal to 0.78;
0.91 and 0.87, respectively. Theoretically, for
normal-phase chromatography (NPC) in the case
of such a homologous series, an increase in R;
should be observed with increasing number of

analyte molecules . When considering the MP of
the same composition in table 1, we can
distinguish two sequences of two compounds no.
1 (Rf=0.78) and no. 2 (Rf = 0.91) and no. 9 (R¢=
0.37) and no. 10 (Rf = 0.52), for which with
increasing number of CH, groups there is an
increase in R;, so in the NPC conditions

CH, groups, but the As value increases for according to [10] sorption decreases.
Table 1
Rs values for amino derivatives of 1,4-naphthoquinone according to [10]
No. Composition of MP, % vol.
No. According Substitute R¢ PE CHCI, EA MeOH
to [14]
1 1 -NH-CH,-CH; 0.78 26.7 66.6 6.7 0
2 2 -NH-CH,-CH,-CH; 0.91 26.7 66.6 6.7 0
3 4 -NH-CH,-CH,-CH,-CH3 0.87 26.7 66.6 6.7 0
4 3 -NH-CH(CHj5)-CH; 0.89 26.7 66.6 6.7 0
5 5 -NH-CH(CHj3)-CH,-CHjs 0.89 50.0 37.5 125 0
6 9 -NH-CH(CH3)-CH,-CH(CH3)-CHj 096 | 333 50.0 16.7 0
7 10 -NH-CH,-CH,-CgH,-Cl 0.91 28.6 57.1 14.3 0
8 11 -N=(CH»-CH,),=N-CHj3 0.46 34.8 4.3 60.9 0
9 6 -NH-CH,-CH,-CH,-N=(CHj5), 0.37 20.0 50.0 10.0 20.0
10 7 -NH-CH,-CH,-CH,-N=(C,Hs), 0.52 20.0 50.0 10.0 20.0
11 8 -NH-CH,-CH,-CH,-N=(C,Hy), 0.76 22.2 55.6 11.1 11.1

Often in articles TLC conditions for 1,4-
naphthoquinone derivatives are not described, or for
analytes used MP with the same components, but in
different ratios and an example of such an approach
to TLC can be [11], which describes the results of
synthesis and study of antimicrobial properties and
the ability to inhibit the activity of the catalase
enzyme of many N-, S-, O- substituted derivatives of
1,4-naphtho- and bezoquinone. The aim of the
researchers [11] was to select such a ratio between
CHCI; and PE that R; were in the range of 0.4-0.6
and probably the reaction products were separated
from the starting materials.

The article [3] can be an example of studies
where TLC with chloroform as a one-component MP
was used to observe the synthesis of 1,4-naphthoquinone
derivatives and for the nine synthesized compounds Rs
was in the range of 0.32-0.52. It is necessary to note
that systematic studies of the chromatographic
content of 1,4-naphthoquinone derivative under NP
TLC are limited. As the synthesis and intensive studies
of the bioactivity of the new 1,4-naphthoquinone
derivatives continue, it is important to obtain

relationships between the structure of these analytes
and their retention to predict the desired MP
composition using the probable structure of the
synthesized compounds. This work is a continuation
of a series of works [14-16] on the systematic study
of the chromatographic behavior of 1,4-naphthoquinone
derivatives under NF TLC.

Purpose: to investigate the chromatographic
separation of eight aromatic derivatives of 3-chloro
1,4-naphthoquinone using NP TLC, as well as to
establish the relationship between the retention and
structure of these compounds.

Materials and methods of research

Table 2 shows the structures of the studied
aromatic derivatives of 3-chloro-1,4-naphthoguinone
I-VI11, which were synthesized at the Department of
Technology of Biologically Active Compounds,
Pharmacy and Biotechnology of the Lviv Polytechnic
National University using as the initial compound
2,3-dichloro-1,4-naphthoquinone according to the
general method number 1 from [3] and provided for
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TLC studies. Table 2 shows the relative area of Ag
occupied by the adsorbed analyte molecule on the
surface of the stationary phase (SP). The relative
area of Ag is calculated according to [17].

Table 2
Structures of aromatic derivatives of 3-chloro-1,4-
naphthoquinone and the area of As

Substance
number The substance structure
and Ag
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The conditions for chromatographic experiments
were the same as in our previous works [14-16], in
particular TLC was performed using plates Silufol
(manufacturer Kavalier) with broad-pore silica gel
Silpearl (according to the Pitra classification). The
concentration of solutions of analytes in dimethyl
sulfoxide (DMSO) was 2-5 mg/ml, and the volume
of solution applied to the starting line was 1 pl.
Chromatograms were obtained by moving the
solvent from the bottom to up. Chromatograms after
air drying were scanned using a flatbed scanner.

Densitan software [19] was used to process
digital images in bitmap format. Scanning was
performed with a resolution of 600 dpi. The distance
from the starting line (L, mm) was calculated by the
formula L = (N - 1)- AL, where N is the number
of measuring points using the Densitan program;
AL = 42 um - the distance between two measurement
points according to the scan resolution.

For TLC, the basis of binary MPs was benzene,
and the elution capacity of MPs was enhanced using
components such as chloroform, acetone, acetonitrile,
propan-2-ol and methanol at concentrations ranging
from 2.5 to 10 % vol. The MP components used in
this paper were selected according to the classification
proposed by Snyder [18] p. 34. The components of
the polarity indices of the MP components are given
in Table 3. When choosing solvents for MP in TLC,
the literature data concerning the separation of
substances with a quinoid structural fragment by the
NP TLC method were also taken into account.

Table 3
Increments of polarity indices for MP
components based on Snyder system [20, 21]

Solvents Xe Xp Xy
Chloroform 0.28 0.39 0.33
Acetone 0.36 0.24 0.40
Acetonitrile 0.33 0.26 0.41
Methanol 0.51 0.19 0.30
Propan-2-ol 0.54 0.20 0.26
Benzene 0.29 0.28 0.43

To ensure reproducible experimental conditions
and obtain reliable retention characteristics, the
following TLC parameters kept constant: plate size,
starting line distance from bottom 1.0 cm, amount
of analyte applied to starting line, solvent volume
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in the chamber, eluent vapor equilibration time,
chromatography temperature was room temperature
in the range of 18-20 °C. Five chromatograms were
obtained for each “analyte-MP” combination of a
certain composition, and averaged R; values were
used for further generalizations. The standard
deviation for determining the R; value was 0.015.
According to the relative retention of Ry,
which in TLC is calculated by formula (1) as the
ratio of the retention distance of the analyte (L) to the
distance traveled by the front MP (L, = 120 mm), the
parameter Ry, was calculated by formula (2).

L
R =—
fTL, @)
21 0
Ry =lge—-1- 2
M ng 9 @)

Generalization of TLC results was performed
according to equation (3), which was proposed by
Soczewinski [18] and is based on the concept of
competition between MP solvent molecules with
analyte molecules for active centers on the surface of
the SP adsorbent:

Rm =A-Bilg(Ng) (3)
where Ng is the molar fraction of the polar
component in the binary mixture of MP; A and B are
constants, the values of which depend on the
properties of the analyte and the composition of the
MP.

For eight aromatic amino derivatives of
3-chloro 1,4-naphthoquinone, the relative area (As)
occupied by one molecule of compounds I-VIII
adsorbed on the SP surface was calculated. In [19],
a step-by-step calculation scheme for the basic structural
fragment of 2-amino-3-chloro-1,4-naphthoquinone
of As area according to [17] is given. The unit of
measurement of the calculated relative area of Ag
corresponds to 0.085 nm?, for example for one
methylene group in n-alcohols As(CH;) = 0.9 or
0.0765 nm?, and for the benzene ring is taken As=6
or 0.510 nm® Next, by replacing in 2-amino-3-
chloro-1,4-naphthoguinone one hydrogen atom of the
amino group on the corresponding structural fragment
As values were obtained for derivatives of 3-chloro-
1,4-naphthoquinone, the values of which are given in
Table 2. Correlation equations were obtained using a
spreadsheet MS EXCEL.
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Results and discussion

Table 4 presents the results of relative retention
R;, the values of which depending on the MP
composition for compounds I-VIII is in the range
from 0.15 to 0.66. With the increase of the polar
component content in the MP, the R; value naturally
increases (Table 4). For compounds I and V11, in the
structure of which is no carboxyl group, and for
which were obtained, respectively, the minimum and
maximum calculated values of As, in Fig. 1 shows
examples of the dependences of R; on the volume
(%) and molar fraction of the polar component in the
MP. The volume fraction (%) was calculated from
the experimental volumes of benzene and the polar
component, allowing the additivity of these values
for MP, and the transition from volume (%) to molar
fraction was carried out according to a known
dependence that takes into account densities and
molar masses of the mixture components. As can be
seen from Fig. 1 there is a significant difference
between the representation of data in different
coordinates of the abscissa axis, which is explained
in detail in [15]. When considering Fig. 1 and the
data of Table 4 for the use of volume fraction (%) as
the coordinates of the abscissa axis, for all compounds
there is an increase in the value of Ry when replacing
the polar component of MP in the following series:
acetonitrile — chloroform — acetone — propane-2-ol-
methanol, which was also obtained in [14]. This
indicates a significant contribution to the adsorption
and desorption processes from the 1,4-naphthoquinone
fragment, which is common to the sets of compounds
studied in [14-16] and in this work. This influence
series of the MF polar component nature undergoes
significant changes in the transition to the molar
fraction as the abscissa axis coordinates, and an
increase in R¢ is observed in the following series:
acetonitrile-methanol-chloroform-acetone-propan-2-
ol, as indicated in [15]. To compare the effect of
polar groups in the structure of matter on retention
under normal phase TLC for compounds 1V, V, VI
and VIII according to the Table 4, we consider the
dependences of the parameter R; on the volume (%)
fraction of the polar component in MP. The increase
in the polarity of the functional groups in the range
from methyl to carboxyl groups —-CHs, —O-CHjs, —O-
H, —CO-OH naturally leads to an increase in sorption
on the polar stationary phase, which is reflected
in the increase in the relative area (As), which
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is occupied by one molecule adsorbed on the SF
surface.

The change in the difference AR; between
neighbors in retention polar components at the same
their volume (%) fraction in the MP has certain
patterns. In Fig. 2 shows the values of AR; of the
studied substances 1-VIII with the use of MP
with different polar components at a content of
2.5% vol. for such pairs: “chloroform — acetonitrile”,
“methanol — propan-2-ol”, “acetone — chloroform”,
“propan-2-ol — acetone”. With the increase in the

relative area (As), this difference AR; decreases from
0.063 to 0.004 at the replacing of chloroform
by acetonitrile in the MP, and conversely, this
difference ARy increases from almost zero (0.002) to
0.061 at the replacing of propan-2-ol by methanol in
the MP. These ratios don't show any regular changes
in the difference AR with increasing of Ag value for
the pair “acetone — chloroform”, where ARy is in the
range from 0.021 to 0.027, and for “propan-2-ol —
acetone”, where ARs slightly decreases from 0.058 to
0.032.

Table 4

The relative retention of R for compounds I-VII1 depending on the composition of the binary MP
(benzene-polar component) for aromatic derivatives of 3-chloro-1,4-naphthoquinone

Substance The content of th_e o
polar component in Chloroform Propan-2-ol Methanol Acetone Acetonitrile
number
the eluent, % vol.
25 0.390 0.465 0.462 0.416 0.327
| 5.0 0.485 0.564 0.557 0.511 0.415
7.5 0.560 0.638 0.627 0.585 0.489
10.0 0.585 0.662 0.648 0.609 0.513
25 0.354 0.436 0.438 0.378 0.304
" 5.0 0.458 0.544 0.543 0.484 0.400
7.5 0.541 0.624 0.620 0.567 0.479
10.0 0.571 0.653 0.646 0.597 0.507
25 0.330 0.408 0.419 0.355 0.285
m 5.0 0.440 0.525 0.533 0.468 0.387
7.5 0.528 0.612 0.615 0.556 0.470
10.0 0.562 0.644 0.643 0.589 0.502
25 0.320 0.397 0.413 0.347 0.276
v 5.0 0.433 0.518 0.530 0.463 0.381
75 0.523 0.606 0.613 0.552 0.466
10.0 0.558 0.640 0.643 0.586 0.500
2.5 0.292 0.367 0.390 0.319 0.256
Vv 5.0 0.411 0.496 0.516 0.441 0.366
75 0.507 0.592 0.606 0.536 0.456
10.0 0.546 0.630 0.640 0.576 0.494
2.5 0.255 0.325 0.359 0.279 0.227
Vi 5.0 0.381 0.465 0.498 0.410 0.344
7.5 0.484 0.570 0.597 0.514 0.441
10.0 0.530 0.615 0.637 0.560 0.485
2.5 0.231 0.303 0.340 0.252 0.210
VI 5.0 0.360 0.448 0.486 0.389 0.330
75 0.468 0.558 0.591 0.498 0.432
10.0 0.518 0.607 0.634 0.549 0.479
25 0.156 0.211 0.272 0.179 0.152
VIII 5.0 0.288 0.369 0.443 0.322 0.280
7.5 0.410 0.500 0.568 0.447 0.395
10.0 0.475 0.567 0.625 0.513 0.457
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In Table 5 are shown the correlations of
parameters A and B according to Soczewinski equation
(3). The A constant in equation (3) corresponds to the
Rwm value, if the MP consists only of a polar component,
i.e. when Nz = 1. Using the constant A, for this limit
case by equation (4) was calculated the value of
R¢(Ng = 1), which is given in Table 5.

1
1A 4)

In Fig. 3 shows examples of linear correlations
between the Ry retention parameter and the decimal
logarithm of the molar fraction (Ng) of the polar
component in the MP. To demonstrate the basic
regularity in these dependences, compounds 1V, V,
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VI and VIII are taken, which differs in the calculated
As values: (1V) — As = 40.3; (V) — As = 44.1; (VI) -
As =47.1and (VIII) — As = 55.5. With an increase in
the As, there is an increase in slope B, which is in
good agreement with the theory of retention in NPC,
which is described in detail in the monograph [18].

The average slopes of the rectilinear dependences
according to the Soczewinski equation between the
retention parameter Ry and the logarithm of the
molar fraction of the polar modifier Ig (Ng) correlate
(R? = 0.964) with the As relative area of the analytes
according to equation (5)

®)

B =0.032xAg - 0.603.
0,7 7
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o
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Fig. 1. Dependence between the R retention parameter for compounds | and VI
on the volume (%) and molar fraction of the polar component in the MP
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Table 5

Parameters A and B of correlations according to the Soczewinski equation Ry = A—-B-lg (Ng)
for the corresponding range of molar fraction of the polar component of the MP

Substance | Correlation Chloroform PNroL)gnc;;;il Methanol NA:Stggg_ ﬁlcfglyirzll_e
number | parameters | Ng=0,027-0,109 50,1’14 Ng=0,053-0,196 BO,1,18 80,1’59
1 2 3 4 5 6 7
A -0.7278 -0.8761 -0.7028 -0.7481 -0.5099
| B 0.5918 0.6098 0.6048 0.5891 0.5985
R? 0.9926 0.9927 0.9922 0.9924 0.9919
Ri(Ng=1) 0.842 0.883 0.835 0.848 0.764
A -0.7706 -0.9097 —-0.7455 -0.7992 -0.5491
I B 0.6624 0.6650 0.6719 0.6685 0.6602
R? 0.9937 0.9944 0.9939 0.9939 0.9934
RiNg=1) 0.855 0.890 0.848 0.863 0.780
A —-0.8030 -0.9460 -0.7768 -0.8302 -0.5824
n B 0.7130 0.7210 0.7225 0.7170 0.7132
R? 0.9947 0.9946 0.9942 0.9945 0.9947
Ri(Ng=1) 0.864 0.898 0.857 0.871 0.793
A -0.8174 -0.9570 -0.7888 -0.8406 —-0.6006
v B 0.7347 0.7407 0.7404 0.7335 0.7403
R? 0.9948 0.9954 0.9951 0.9949 0.9952
RiNg=1) 0.868 0.901 0.860 0.874 0.799
A —-0.8552 -0.9968 -0.8280 -0.8776 -0.6369
Vv B 0.7957 0.8028 0.8042 0.7944 0.7991
R? 0.9954 0.9957 0.9956 0.9961 0.9959
Ri(Ng=1) 0.878 0.908 0.871 0.883 0.813
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Continuation of Table 5

1 2 3 4 5 6 7
A -0.9112 -1.0519 -0.8868 -0.9355 -0.6944

Vi B 0.8836 0.8911 0.8957 0.8869 0.8908
R? 0.9965 0.9966 0.9965 0.9966 0.9967

Ri(Ng=1) 0.891 0.918 0.885 0.896 0.832
A -0.9482 -1.0838 -0.9204 -0.9796 -0.7303

VIl B 0.9438 0.9407 0.9506 0.9551 0.9484
R® 0.9968 0.9970 0.9967 0.9972 0.9967

Ri(Ns=1) 0.899 0.924 0.893 0.905 0.843
A -1.0924 -1.2309 -1.0573 -1.1129 -0.8736

VIl B 1.1717 1.1739 1.1675 1.1674 1.1763
R® 0.9978 0.9981 0.9979 0.9981 0.9981

Ri(Ng=1) 0.925 0.945 0.919 0.928 0.882

Two-parameter linear correlations between the
mean slopes in Soczewinski equation (3) with the As
area of analytes were also obtained in previous
works [14-16].

The summary of the intercept (p) and slope (q)
parameters of these correlations, which is given in
Table 6, shows a satisfactory similarity of these
values for different sets of analytes. The correlation
dependence B = q + p -As can be used to estimate the

slope in the Soczewinski equation, using the
calculated relative area As of the analyte.
Table 6
Parameters of linear correlations B=q + p-As
Literature, number 2
of analysts P a R
[18],n=7 0.0323 -0.623 0.987
[19],n=7 0.0272 | -0.313 | 0.988
[20],n=6 0.0282 -0.421 0.985
This work, n =8 0.0320 -0.603 0.964

For an MP with a certain polar component, the

propan-2-ol, and for the other polar components of
the mobile phase, this value is in the range of 0.21-
0.60. At the comparison of Fig. 1 in the coordinates
of the molar fraction and intercepts of Table 7 in the
series of increasing R; value and increasing of the
absolute values of the intercepts in the linear
relationships between parameters A and B, the same
sequence is observed: acetonitrile-methanol-
chloroform-acetone-propan-2-ol. The values of k and
m parameters for the dependences between the A and
B wvalues, obtained for the studied series of
compounds I-VIII with the phenylamine fragment
in the second position of 1,4-naphthoquinone, were
compared with the results of studies [14, 15]. The
relationship between the values of m and k for a
certain polar component in the MP and three
different sets of substances and are described in Fig.
4 as linear dependencies.

Table 7
Parameters of linear correlationsB=m + k-A
between the values of A and B from the
Soczewinski equation

existence of linear correlations between intercepts
(A) and slopes (B) in the Soczewinski equation was
revealed. For different polar components of the MP
straight lines have close slopes (k) and different
intercepts (m), that are given in Table 7.

The largest absolute value of the intercept
0.7803 among these straight lines was obtained for

The polar component K m

of the MP
Acetonitrile -1.5902 -0.2133
Methanol -1.5880 -0.5115
Chloroform -1.5879 —0.5626
Acetone -1.5888 —0.6008
Propan-2-ol -1.5881 —-0.7803
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Fig. 3. The relationship between the Ry, retention parameter for compounds 1V, V, VI and VI11 and the decimal
logarithm of the molar fraction (Ng) of the polar component in the MP

41



0. Ya. Smirnova, Yo. Yo.Yatchyshyn, S. V. Kolobych, 1. P. Poliuzhyn

Intercept - m
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OPropan-2-ol

OAcetone
H Chloroform
A Methanol

A Acetonitrile

Fig. 4. Relationship between correlation parameters
B =m + k-A according to this study and works
[14, 15]

For different sets of compounds, the values of
m and k for a certain polar component in the MP
differs, but the overall sequence of changes in the
m and k values remains unchanged in the serie:
acetonitrile — methanol — chloroform — acetone —
propan-2-ol. The obtained correlation dependences
can be used to predict the retention under NP TLC
for 1,4-naphthoquinone derivatives by their structure.

Conclusions

The retention of eight aromatic derivatives of
3-chloro-1,4-naphthoquinone, compounds I-VIII in
the conditions of normal phase TLC with silica gel
as SP, and binary MP based on benzene with a
volume fraction of the corresponding polar
components in the range of 2.5-10 % vol. At the use
of the volume fraction (%) as the coordinates of the
abscissa axis, an increase in the value of R; was
found for all compounds I-VIII ar the replacement
of the mobile phase polar component in the
following series: acetonitrile — chloroform -
acetone — propan-2-ol — methanol.

The largest difference in the values of R
between the studied substances was observed for all
used polar components of MP at a concentration of
2.5 %, i.e. the maximum separation of the studied
compounds I-VIII by TLC is achieved. With the
increase of the polar component content in the MP,
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there is a decrease in this difference and at 10.0 %
vol. all analytes have almost the same values of R.
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HOPMAJIBHO®A30BA TOHKOIIAPOBA XPOMATOI'PA®DIA
JJISI APOMATHYHUX NOXIJIHUX 3-XJIOPO-1,4-HA®TOXIHOHY

Hocaimxeno xpomarorpadiyHi XapakTepucTMKH BOCBMH apoOMaTH4YHUX NOXiZHUX 3-XJopo-1,4-
HA(PTOXiHOHY B YMOBaX HOPMaJIbHO(}a30B0I TOHKOIIAPOBOI XpomaTorpadii aasa GinapHoi MobiabLHOT da3n
Ha OCHOBi 0eH30.1y I TakuX NOJSAAPHMX PO3YMHHHKIB, SIK XJOPO(OpPM, AUETOH, AUETOHITPHJ, METAHOJ i
nponaH-2-o1. Haxui JiHiliHMX 3aj1e:KHOCTeil YTPUMYBaHHSI JAOCJTIIKEHMX CHOJYK Bil KOHIeHTpaunii mo-
JIAPHOT0 KOMIIOHEHTa B MOOiNbHIi (a3i 3ag0BiIbHO Kopesoe i3 1IomIel0, Ky 3aiiMae aacopOoBaHa
MOJICKYJIa aHANITY HAa Hepyxomiii ¢asi. BinTunok y piBHsgHHi Co4eBIiHCHKOIO 3a/I€KMTh BiJ NOJISPHOIO

KOMIIOHEHTA MOOLIBLHOI (a3u.

KirouoBi cioBa: ToHkomapoBa xpomartorpadisi; HadToxiHoH-1,4; apomaTuyHi moxigHi; ckaan

e/1l0eHTa; piBHsAHHA Co4eBiHCHKOTO.
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